Upon drying, colloidal suspensions undergo a phase transformation from a "liquid" to a "gel" state. With further solvent evaporation, tensile stresses develop in the gel, which ultimately leads to fractures. These generally manifest themselves in regular cracking patterns which reflect the physical conditions of the drying process. Here we show experimentally and theoretically how, in the case of a drying droplet of magnetic colloid ͑ferrofluid͒, an externally applied magnetic field modifies the stress in the gel and therefore the crack patterns. We find that the analysis of the shape of the cracks allows one to estimate the value of the gel Young's modulus just before the crack nucleation.
I. INTRODUCTION
The crack patterns formed during the drying of pastes have been the subject of many investigations. The application of such studies is very wide-for instance, in the drying of paint in industry ͓1,2͔ or in the arts ͓3͔. Many coating and material elaboration processes are also based on the drying of colloidal suspensions, where cracking needs to be avoided ͓4͔. Understanding the crack patterns of muddy sediments has also a geological interest ͓5͔.
The fundamental interest in the study of the drying process of colloidal suspensions is the link between the microscopic interactions between the colloidal particles during solvent evaporation and the macroscopic morphology and geometry of the resulting crack pattern. Under wellcontrolled experimental conditions, a regular crack pattern can be formed during the drying process, the cracks being regularly spaced and perpendicular to the gelation front ͓6-9͔.
In this article, we study the drying of a colloidal suspension made of magnetic particles ͑ferrofluid͒. The presence of an external magnetic field in the plane of the substrate induces an additional anisotropic interaction between the particles. The macroscopic effect is spectacular: the cracks propagating in the gel phase turn and align in the same direction as the magnetic field, as shown in Fig. 1 .
The article is organized as follows. We first recall the mechanism of crack patterns in nonmagnetic colloidal suspension and introduce the vocabulary and the notations ͑Sec. II͒. We then present the experimental setup ͑Sec. III͒. The experimental procedure and results are shown in Sec. IV. In Sec. V, we introduce a model that takes into account the magnetic-dipole interaction within the drying ferrofluid drop submitted to an external magnetic field. Those interactions induce a magnetic stress, which acts on the crack during the crack propagation. The shape of the crack is then fixed by the interplay between the elastic and magnetic stresses. We compute the exact shape of the crack as a function of the external field and show that this model reproduces well the experimental data ͑Sec. VI͒. We finally discuss ͑Sec. VII͒ and conclude ͑Sec. VIII͒ this study.
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II. CRACK PATTERNS WITHOUT A MAGNETIC FIELD
Controlling the crack path is very important in various fields of science and technology. Such a control has been proven to be possible if the colloid is confined between two glass plates by changing the cooling rate during quenching ͓10,11͔. More recently, experiments involving vibrating pastes were performed to mechanically control the crack patterns that appear during the drying process of a drop deposited onto a glass plate ͓12͔.
The crack mechanism in drying colloidal suspensions has been understood as follows ͓4,13͔. Let us consider a liquid drop of a colloidal aqueous suspension on a substrate ͑see Fig. 2͒ . During the water evaporation, the distance between particles decreases, until the particles enter in contact. At this point, the system consists in a porous structure saturated with the solvent ͓Fig. 2͑b͔͒, which we call alternatively the gel phase or paste. After this gel phase is formed, the water goes on evaporating between the particles ͓Fig. 2͑c͔͒. The particles interact under the effect of capillary bridges. Therefore, the gel shrinks due to high capillary pressure, which is of the order of 2␥ w,a / a Ϸ 10 7 Pa, where ␥ w,a is the water-air surface tension and a is the average particle radius. But the gel shrinkage is limited by the adhesion on the substrate. As a result of this growing misfit, mechanical tensile stresses build up within the gel. The tensile stress increases with the increase of the solvent evaporation. When the stress reaches a critical value, cracks nucleate from defects in the system and invade the gel ͓6͔.
The stress tensor within the gel is usually anisotropic, and the cracks propagate in the direction that relaxes the highest stress-i.e., perpendicularly to the direction of maximal stress. In the geometry of a sessile droplet, the drying starts at the edge of the droplet and propagates toward the center ͑see Fig. 3 and Ref. ͓8͔͒. Directional cracks are then formed at the edge of the drop ͑near the three-phase line͒ and propagate radially as the gel phase extends from the periphery to the center of the drop. A pattern of regularly spaced cracks builds up all around the drop edge. Figure 3 shows that, when the droplet is observed in the plane of the substrate, two propagation fronts can clearly be defined. We introduce the following notations. The x axis is the direction of propagation of the drying process. The x axis is then radially oriented from the edge to the center of the drop. The gelation front is the line separating the liquid phase and the gel phase. Note that, in the experiments, the liquid and solid phases are clearly distinguished by the presence of impurities ͑dust͒: the impurities constantly move in the liquid phase whereas they are blocked in the gel phase. In the gel phase, the tips of the cracks are aligned on a line parallel to the gelation front. We call this line the cracking front. x g is the position of the gelation front on the x axis, and x c is the position of the cracking front.
III. EXPERIMENTAL SETUP
The drying drops studied in this article are made of a ferrofluid, which is a stable colloidal suspension of magnetic particles in a solvent. In our case it is a dispersion of maghemite ͑␥-Fe 2 O 3 ͒ particles in water ͑volume fraction FF = 2.1%, average particle diameter ͗2a͘ = 10 nm, particle diameter lying between 2a = 3 nm and 2a =15 nm͒. The ferrofluid is stabilized electrostatically by a negative surface charge of the particles ͑citrate ions adsorbed on the surface of the particles͒. The solution is electrically neutralized by sodium counter-ions ͓14͔. The suspension is stable in the absence of solvent evaporation.
Each particle carries a permanent magnetic moment, conferring macroscopic magnetic properties to the solution ͑Fig. 4͒. In the presence of an external magnetic field, thermal agitation competes with the magnetic energy, which tends to align the magnetic moments of the particles in the same direction as the external field ͓15-17͔. The resulting macroscopic magnetic behavior of the solution is of paramagnetic type: the magnetization M ជ ͑H ជ ͒ of the ferrofluid has the same direction as the applied field H ជ ; the amplitude M͑H͒ increases linearly with the external field for low field strength and saturates for high applied magnetic field strength since all the magnetic dipoles are aligned. Figure  4͑b͒ shows the magnetization curve of the ferrofluid solution used in the experiments ͑before the drying͒.
A small amount of the solution ͑around 20 l͒ is deposited on a horizontal glass plate, forming a hemispherical droplet which is bounded by a three-phase contact line on the glass plate ͓18͔. During the water evaporation, the liquid suspension transits to a gel phase, which propagates as a so-called gelation front from the periphery of the drop to its center. The drop diameter is of the order of 5 mm; its height is of the order of 3 mm in the liquid phase and of 100 m in the gel phase.
The sessile droplet is placed between Helmholtz coils, which create a homogeneous magnetic field in the plane of the glass plate. The amplitude of the magnetic field can be varied between 0 and 25 kA m −1 . The morphology of the drying drop and the crack pattern are imaged from the top using a microscope and a camera.
IV. EXPERIMENTAL RESULTS
The propagation of the cracks during the drying process of a ferrofluid drop, with or without a magnetic field, is shown in Fig. 5 . The geometry is the same as in Fig. 3 : the drop, initially hemispherical, dries from the circular edge toward the center. The images are top views of a portion of the drop. They show the gelation front and the cracking front on a distance of approximately 0.3% of their total length: at this scale, the gelation and cracking fronts appear linear. In this region, the gelation front propagates perpendicularly to the applied magnetic field. The ferrofluid drop is deposited on the substrate at t =0.
Between time t = 0 and t = t 0 , no magnetic field is applied. A gelation front propagates from the edge to the center of the drop in the x direction, followed by a crack front propagating in the same direction. As in the case of the drying process of a nonmagnetic colloidal suspension, the cracks are regularly spaced and aligned in the direction perpendicular to the gelation front.
At t = t 0 , the external homogeneous magnetic field H ជ is applied in the y direction. The cracks go on propagating in the x direction until t = t 1 , when the cracking front reaches the position that was the position of the gelation front at the time the magnetic field was switched on ͓Fig. 5͑b͔͒: . ͑Color online͒ ͑a͒ Sketch of an ionic ferrofluid. The average particle diameter is ͗2a͘ = 10 nm. In the absence of an applied magnetic field, the magnetic moments of the particles are randomly oriented because of the Brownian motion, whereas they are aligned under the effect of an applied magnetic field. ͑b͒ Magnetization curve of the ferrofluid used in the experiments. The inset shows the linear range of the magnetization curve, in which the initial magnetic susceptibility of the ferrofluid is measured. The magnetic susceptibility is = 0.23, and the saturation magnetization is M s = 6.7 kA m −1 is applied in the y direction ͑no magnetic field is applied for t Ͻ t 0 ͒. ͑b͒ At t = t 1 , the cracking front x c reaches the position where the gelation front x g was when the magnetic field was switched on: x c ͑t 1 ͒ = x g ͑t 0 ͒ = x H . ͑c͒ At t Ͼ t 1 , the crack trajectories are bent increasingly toward the direction of the applied field. Let us notice that in the top of the image, the cracks turn clockwise, whereas they are more likely to turn counterclockwise in the bottom of the image. This effect is due to the circular geometry of the gelation front, which orientates the crack radially in the absence of a magnetic field: only in the middle of the figure is the initial crack direction strictly perpendicular to the field.
For t Ͼ t 1 , the cracks turn to align in the direction of the applied magnetic field. We notice that the line x = x H remains white on the images for t Ͼ t 0 . This effect is probably due to a variation of the thickness of the gel phase when the magnetic field is suddenly changed. Figure 6 represents the time evolution of the position of the gelation front x g and the cracking front x c , corresponding to Fig. 5 . The gelation front propagates at a constant velocity independently of the presence of an external magnetic field. The effect of the magnetic field has a pronounced influence on the dynamics of the cracking front: it propagates at the same constant velocity as the gelation front for t Ͻ t 1 and slows down at t Ͼ t 1 .
The experiment corresponding to Figs. 6 has been reproducibly performed several times using the same ferrofluid and the same experimental conditions. The magnetic field has only an effect on the crack orientation if the cracks propagate in a gel that has been gelified with being exposed to a magnetic field. This fact is nicely illustrated by the experiment presented in Fig. 7 , which shows the final stage of a ferrofluid drop which dried under the effect of a magnetic field applied during a short period only ͑corresponding to x 1 Ͻ x g Ͻ x 2 ͒: the cracks turn toward the direction of the field in the region x 1 Ͻ x Ͻ x 2 and propagate radially for x Ͻ x 1 and for x Ͼ x 2 , where the gel has been formed with no applied magnetic field. The gel phase therefore keeps a memory of the presence or absence of an external magnetic field during the gel formation. This memory effect can be accounted for by the presence of additional magnetic stresses within the gel phase formed under the effect of H ជ . The cracks are sensitive to these additional anisotropic stresses, which tend to align the cracks in the same direction as the external field and compete with the elastic stresses. On the contrary, when the gel is formed without a magnetic field ͑x Ͻ x 1 and x Ͼ x 2 in Fig. 7 or x Ͻ x H in Fig. 5͒ , the magnetic dipoles are randomly oriented in the gel phase. Therefore, no magnetic stress exists in the gel phase, which behaves as a nonmagnetic colloidal gel, even if a magnetic field is applied to the gel.
V. THEORETICAL MODEL
In this section, we first recall the main theoretical description of crack formation induced by the drying process in nonmagnetic colloids, based on Ref. ͓4͔. We then introduce the effect of additional magnetic stresses acting on the crack in the case of a drying ferrofluid droplet. We then compute the crack shape and compare the model to the experimental data.
The geometry considered here is a drop lying on a solid substrate, the upper surface being a free surface. In the plane of the substrate, the gelation front and the cracking front are assumed to be straight lines parallel to the y axis and propagating linearly in the x direction. This geometry represents the experimental situation where a surface of the order of 100 m ϫ 100 m is considered, which corresponds to approximately 0.01% of the total surface of the drop. The thickness h of the gel phase is assumed to be homogeneous, which is well confirmed experimentally.
A. Crack pattern in the absence of a magnetic field
Within the gel phase, the equilibrium profile of the solvent volume fraction behind the gelation front can be computed taking into account the solvent evaporation at the free surface of the drop and the diffusion of solvent within the gel ͑see Fig. 8 for the notation͒. During solvent evaporation, the variation of solvent volume leads to a shrinkage of the gel phase. Because of the adhesion of the gel on the substrate, a tensile stress builds up in the gel. Fig. 8 shows the principal components xx and yy as a function of x in the gel phase ͑x Ͻ x g ͒, showing that the elastic stress increases when x decreases. The problem is assumed to be invariant in the y direction.
According to Griffith's theory ͓19͔, the limit stress c beyond which the material ruptures is a function of the stress intensity factor K IC and is expressed as c = K IC / ͱ b, where b is a minimal characteristic size of the crack ͑of the order of the particle radius a͒ and K IC depends on the physicochemistry of the gel phase. Thus, a crack forms when
where nn is the stress in the direction n ជ, normal to the crack. Equation ͑1͒ can be expressed as a function of the principal components of the stress tensor: nn = xx sin 2 + yy cos 2 , where is the angle between n ជ and the y axis.
Since in our geometry yy Ͼ xx ͑Fig. 8͒, yy reaches c at a shorter distance from the gelation front than xx . Cracks form and propagate in the x direction in order to relax yy . The length over which yy increases and reaches c fixes the distance, d = x g − x c , between the gelation front and the cracking front ͑Fig. 6͒. d can be computed using Eqs. ͑1͒ and ͑B7͒ taking into account Appendix B:
where E is the Young's modulus of the gel phase when cracks form, is the Poisson ratio, c g denotes the volume fraction of solvent at the gelation front, and = hv / J E is a characteristic diffusion length defined from the thickness of the gel layer, h, the speed of the gelation front, v, and the evaporation rate J E of the solvent in the air which mainly depends on the ambient relative humidity ͑see Appendix A͒.
B. Cracks oriented by the magnetic field in a magnetic gel
If no magnetic field is applied during the gel formation, the magnetic particles are randomly oriented and the colloid behaves like a nonmagnetic colloid. In contrast, if a magnetic field is applied, the magnetic dipoles align during the gelification. Once gelified, the magnetic particles are closely packed: their translational or rotational movement is obstructed-even after the magnetic field is removed. Therefore, the regions that have been gelified under the effect of a magnetic field have a permanent nonzero magnetization M ‫ء‬ . Neglecting superparamagnetic effects ͑rotation of the magnetic moment of a particle with no particle rotation͒ and thermal agitation in the gel phase, the permanent magnetization of the gel is given by
where M͑H͒ is the ferrofluid magnetization corresponding to the value of H applied during the gelation ͓Fig. 4͑b͔͒: for H Յ 25 kA m −1 , M = H, where is the ferrofluid magnetic susceptibility. V FF is the ferrofluid volume before drying, V gel is the volume of the gel, FF is the initial volume fraction of particles in the ferrofluid, and c is the water volume fraction of the gel phase averaged along the layer thickness ͑1−c is therefore the particle volume fraction in the gel͒. We assume that M͑H͒ is homogeneous in the ferrofluid. However, since c depends on x, M ‫ء‬ depends on x. In the referential of the gelation front xЈ = x − vt, c͑xЈ͒ is static; therefore, M ‫ء‬ ͑xЈ͒ does not depend on time. M ‫ء‬ ͑xЈ͒ is the permanent magnetization of the gel phase even in the absence of an external applied field.
In the following, we consider that the gel has been formed under the effect of the external magnetic field H ជ and that H has been set to zero after the gel formation and before the crack propagation. We then describe the crack propagation in a magnetic gel of permanent magnetization M ‫ء‬ with no external magnetic field.
In the so-formed magnetic gel phase, the particles interact via anisotropic magnetic-dipole interactions, which are attractive if the particles are aligned along chains and repulsive if the particles are side by side. When a crack propagates, the crack opens a region filled with air, which splits the space into two regions made of the magnetic gel. Those two regions interact because of the magnetic-dipole interaction. The magnetic force exerted by one region on the second one can be computed. We note with index 1 or 2 the parameters that are defined in the first or second region separated by the crack ͑see Fig. 9͒ .
Let H ជ 1 be the internal magnetic field induced by the magnetic moments present in the semispace 1 of volume V 1 . H ជ 1 can be written as the gradient of a potential function ͓15͔: 8 . ͑Color online͒ Three-dimensional sketch of a drying colloidal suspension. The gel phase of the drop is assumed to have a constant thickness h. Here, the liquid phase is also represented flat for simplicity, but this is not necessary for the presented model. x = x g corresponds to the position of the gelation front, which propagates in the direction x Ͼ x g . At z = 0, the drop lies on the substrate and the free surface between the drop and the air is at height z = h. Below the sketch, the variation of the two-dimensional ͑2D͒ solvent volume fraction c and the principal components of the 2D elastic stress tensor are plotted versus x.
with
where r ជ and ជ denote the dipole positions in threedimensional space, S 1 is the surface enclosing the volume of V 1 region 1, and n ជ is a unit vector normal to the external boundary of the volume V 1 . In the cracked region, n ជ is then normal to the crack, directed from region 1 to region 2. Therefore, the magnetic force exerted by region 1 on region 2 results from the interaction between the magnetic dipoles in the volume V 2 and the magnetic field H ជ 1 calculated above:
where S 2 is the surface enclosing the volume V 2 . The integration can then be performed, assuming that regions 1 and 2 are two semi-infinite regions in the x and y directions. After some calculation, we obtain
where w is the width and L is the length of the crack. In the limit of a thin crack ͑w h͒, we find
where is the angle between n ជ and M ជ ‫ء‬ . Therefore, the effect of the force is to close the crack when / 2-i.e., when the crack is not parallel to the magnetization. Equation ͑6͒ is independent of the crack width w and varies linearly with the crack length L. Therefore, it can be used to define a magnetic stress m which will affect the crack propagation:
where
Under the effect of the external magnetic field, the condition for the crack formation ͓Eq. ͑1͔͒ becomes nn + m = c , which can be written in the following way:
shows that the effect of the magnetic-dipole interactions is to increase the critical stress above which the crack propagates. However, this effect is anisotropic. To illustrate this effect, let us consider those two extreme cases. For = 0, the cracks will form perpendicularly to the magnetization if, according to Eq. ͑9͒,
, the cracks will align in the direction of the magnetization if
͑11͒
The total critical stress c + m is then increased by the existence of a permanent magnetization in the case = 0, whereas it is not affected by M ‫ء‬ in the case = 2 . Therefore ͑see Fig.  8͒ , if M ‫ء‬ is strong enough, the distance from the gelation front at which x Ј x Ј = c is smaller than the distance at which yy = c + m , the cracks turn in the direction that relaxes x Ј x Ј -i.e., in the direction of the magnetic field applied during the gel formation. However, this argument shows that there is a critical value of M ‫ء‬ above which the crack can change orientation.
Equation ͑9͒ gives the value of the angle of maximum total stress. In order to compute the shape of the crack trajectory, we have to solve the following set of differential equations:
where l denotes the arclength along the crack. The computed crack shape can then be compared to the experimental data, as presented in the following section. ‫ء‬ is the permanent magnetization of the magnetic gel. n is the normal to the crack interface of the semispace 1, is the angle between M ‫ء‬ and n, and F 12 is the magnetic force exerted by region 1 onto region 2.
VI. COMPARISON BETWEEN THE THEORETICAL
MODEL AND THE EXPERIMENTAL DATA Figure 10 shows the comparison between the experimental data and the model described above. The data represent the shape of a crack in the ͑x , y͒ plane, or equivalently the trajectory of a crack, in a region that has been gelified under the effect of H ជ . The crack propagated in time in the x direction. The crack shape is plotted in the referential of the laboratory, the origin x = 0 corresponding to the position of the gelation front when the crack is aligned in the direction of the field ͓ xx ͑x =0͒ = yy ͑x =0͒ =0͔.
In Fig. 10 , the experimental data represent eight different cracks. The cracks, slightly translated in the y and x directions, or symmetrized with respect to the y axis ͑but not dilated in any direction͒, collapse on the same master curve: the crack shape is reproducible and can therefore be compared to the theoretical model.
Let us notice that only the primary cracks have been considered-i.e., the cracks that propagate in a gel free of cracks. The secondary cracks explore a gel where a crack has already propagated; therefore, the stress field is modified by the presence of the primary crack. The model presented here does not consider the secondary cracks. Figure 10 corresponds to the same experimental conditions as in Fig. 1 ͑same amplitude of the magnetic field͒, where many primary cracks are visible. In Fig. 5͑c͒ , most of the cracks are secondary cracks since they end up meeting a primary crack with a 90°angle. The interactions between cracks seem stronger in the case of Fig. 5 , which also corresponds to a larger amplitude of the magnetic field than in Fig. 1 . Since the model only considers the shape of the primary case, we have chosen a situation close to the case of Fig. 1 .
The solid line in Fig. 10 corresponds to the model presented in Sec. V. Equations ͑2͒, ͑9͒, ͑12͒, and ͑B7͒ lead to the following expression used for the fit:
.
͑13͒
The parameters of Eq. ͑13͒ are set as follows: the distance d between the gelation front and the cracking front when H = 0 is measured for H =16 kA m −1 : d = 140 m. The gel thickness is assumed to be homogeneous and is inferred from the data: h = 100 m. For this thickness and under an ambient relative humidity of 50%, the evaporation rate can be calculated numerically ͓18͔: J E =2ϫ 10 −6 m s −1 . The velocity of the gelation front is constant ͑see Fig. 6͒ . For H =16 kA m −1 , we measure: v =10 m s −1 . Therefore, = hv / J E = 500 m. Those values of h and are coherent with the theory presented above. Indeed, let d H be the distance between the gelation front and the cracking front when H 0, after the crack has turned in the direction of the magnetic field. Equations ͑11͒ and ͑B7͒ give the following condition for d H :
Therefore, according to Eq. ͑2͒,
For H =16 kA m −1 , we measure d H = 170 m. We find that this value satisfies very well the above equation. This justifies a posteriori the choice h = 100 m.
The Poisson ratio is set to = 0.3, which is the usual value of the Poisson ratio of a colloidal gel ͓4͔.
The crack shape is then calculated and plotted with one fitting parameter. The best fit, plotted in Fig. 10 , where the volume fraction of solvent in the ferrofluid at the gelation front is set to c g ϳ 0.9. Therefore, according to Eq. ͑2͒, the Young's modulus can be estimated. We obtain E ϳ 4 ϫ 10 3 Pa.
VII. DISCUSSION
The value of the gel Young's modulus E obtained above is two orders of magnitude lower than the results of the mea- . The x axis is the direction of propagation of the gelation front during the drying in the referential of the laboratory. The dots represent the experimental data. They correspond to the shape of eight primary cracks, translated in the x and y directions or symmetrized with respect to the y axis. The solid line is a fit of the data using the model presented in Sec. V. x = 0 corresponds to the position of the gelation when the crack is aligned in the direction of the magnetic field. surements performed by Zarzycki for a wet silica gel ͓20͔. This effect could be due to several factors. First, the method presented here gives an estimation of the gel Young's modulus just before the crack propagation, whereas direct measurements of Ref. ͓20͔ are performed in a drier gel ͑Ludox SM with average particle diameter ϳ15 nm͒, in which the solvent evaporation leads to an increase of the gel elastic modulus. It is then reasonable to expect a lower value in our case that is in a region of the gel which is consolidating. In addition, the magnetization of the gel seems to be undervalued here: its value could be higher in the crack tip, which has not been considered here.
Another effect could be due to the magnetic-dipole interaction, which could lead the formation of chains of magnetic particles in the direction of the applied field during the drying. This would therefore fragilize the gel in the perpendicular direction and then lower the value of the elastic Young's modulus. In order to test this hypothesis, it would be interesting to perform direct measurements of the Young's modulus of the magnetic gel and to compare the case of a gel formed under the effect of a magnetic field and the case of a gel formed with no applied field. However, the model presented above is very simplified. In particular, the main approximations are the hypothesis of a homogeneous thickness and the assumption of an isotropic material. This model captures the fact that the crack rotation is due to the magnetic-dipole interaction and gives an estimate of the order of magnitude of the gel Young's modulus before the crack propagation. In order to use this method to actually measure the gel Young's modulus, a more precise model is required, which would take into account the effects of a heterogeneous thickness and of anisotropy.
VIII. CONCLUSION
In this article, we have shown that the morphology of cracks in a drying ferrofluid droplet can be controlled by an external magnetic field applied during the gel formation. This effect is due to the building up of internal magnetic stresses in the gel, which remain in the gel even when the magnetic field is removed. These stresses compete with the elastic stresses and tend to align the crack in the direction of the internal gel magnetization. The analysis of the shape of the crack allows one then to obtain an estimate of the gel Young's modulus.
However, experiments performed using different ferrofluids have shown that the drying pattern can be very different from one ferrofluid to another one. This does not seem to be due to the nature of the magnetic particles ͑we obtained patterns similar to the ones shown in this article using a ferro-fluid made of cobalt ferrite particles͒, but rather to the nature of the ions and counter-ions used to stabilize the colloid. Indeed, the phase diagram of magnetic liquid colloidal suspensions is extremely rich ͓14͔ and the crack pattern obtained during the drying of a ferrofluid drop might strongly depend on the path followed in the phase diagram. A complete physicochemical study of this effect is still to be done.
